Background: Breakthrough viridans streptococcal bacteremia (VSB) in patients with hematological malignancy receiving levofloxacin prophylaxis is a major blood stream infection (BSI) occurring during febrile neutropenia. However, clinical data focused on VSB in allogeneic hematopoietic stem cell transplant (allo-HSCT) recipients are lacking.
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Conclusions: APBL with increased anti-VGS activity (APBL-VA) monotherapy would typically be optimal for treating the VGS strains in this setting. Indication of adding an empiric anti-gram-positive agent to APBL-VA for treating VSB should depend on local factors, such as the susceptibility results. In addition, breakthrough VSB is probably not a major cause of death in allo-HSCT settings, where beta-lactam non-susceptible VGS and the ARDS are rare.
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Background
Fluoroquinolone prophylaxis should be considered for high-risk patients with prolonged and profound neutropenia [1] . Allogeneic hematopoietic stem cell transplant (allo-HSCT) recipients are the primary constitutes of this high-risk group. Among them, breakthrough blood stream infection (BSI) on fluoroquinolone prophylaxis has been reported [2] [3] [4] [5] . Some allo-HSCT recipients have also been reported to have breakthrough BSI on levofloxacin prophylaxis, and viridans group streptococcus (VGS) is one of the causative organisms [2, 3] . Additionally, VGS is a major causative organism of febrile neutropenia (FN) in cancer patients [6] [7] [8] [9] [10] . The 2010 Infectious Diseases Society of America (IDSA) FN guideline recognizes that anti-pseudomonal beta-lactam (APBL) antibiotics currently employed as empiric monotherapy in FN generally have good in vitro anti-VGS activity [1] . The APBLs with increased anti-VGS activity (APBL-VAs) recommended by the guideline are cefepime, piperacillin/tazobactam, and antipseudomonal carbapenems [1] , and as such anti-gram-positive agents (AGPAs), including vancomycin, linezolid, or daptomycin, are not routinely recommended when viridans streptococcal bacteraemia (VSB) is suspected [1] . However, it is not clear whether this recommendation is optimal for all clinical settings, including the allo-HSCT setting. A recent report described that in vitro resistance to the APBL-VAs was observed in VGS isolates with a penicillin minimum inhibitory concentration (MIC) measured by Etest of ≥ 2 μg/mL [11] . Therefore, the clinical criteria that can assist with the targeted use of AGPAs only for the VSB that caused by VGS strains with penicillin MIC ≥ 2 μg/mL has been suggested [11] . On the other hand, some clinical centers choose prophylactic vancomycin for high-risk patients to prevent infection caused by gram-positive cocci such as VGS [12, 13] . A report from United States described that the mortality rate of VSB was 21.9 % and early administration of vancomycin was highly protective against VSB in the allo-HSCT setting [13] . However, the allo-HSCT recipients did not receive any prophylactic antimicrobial agents such as fluoroquinolone, and were initially treated by combination of ticarcillin/ clavulanic acid and amikacin during neutropenia [13] . These findings may not extend to current allo-HSCT settings.
This is the first report to describe the characteristics of VSB and therapeutic strategies for the VSB in allo-HSCT recipients with FN who received levofloxacin prophylaxis in the era of APBL-VAs.
Methods

Study patients
A retrospective analysis of VSBs among allo-HSCT recipients (age, ≥16 years) who received standard prophylaxis with 500 mg/day oral levofloxacin was conducted between January 2011 and August 2013 at the Toranomon Hospital (890 beds; Tokyo, Japan). The medical and microbiological records of the recipients under levofloxacin prophylaxis during the study period were reviewed. Our standard strategy of levofloxacin prophylaxis for allo-HSCT recipients was introduced in January 2011 comprises following three major policies: (1) 500 mg/day oral levofloxacin prophylaxis started before day −7 (7 days before allo-HSCT); (2) levofloxacin prophylaxis stopped at the first episode of FN and changed to another antimicrobial regimen immediately after obtaining ≥ 2 sets of blood cultures; and (3) continuation of levofloxacin prophylaxis until neutrophil engraftment in the absence of any FN episodes. Neutrophil engraftment was defined as the first of 3 consecutive days with ANC (absolute neutrophil count) of ≥ 500cells/μL. A central venous access device was inserted before conditioning was started. All recipients received antifungal agents and acyclovir for prophylaxis. Trimethoprim-sulfamethoxazole was given from day −7 through day −2 for Pneumocystis prophylaxis. Urine, stool, nasal, and pharyngeal swabs were collected from each allo-HSCT recipient for methicillinresistant Staphylococcus aureus (MRSA) colonization screening within 3 months before allo-HSCT. Stool samples were also collected for vancomycin-resistant enterococci (VRE) colonization screening at the same time. All the cord blood transplant recipients received single cord blood during the study period. This study was approved by the Human Ethics Review Committee of Toranomon Hospital.
Definitions
Breakthrough VSB was defined as the presence of at least a single positive result of blood culture for VGS in a sample drawn from a patient at the first episode of FN under levofloxacin prophylaxis. The definition of VSB was the same as the previous study in the allo-HSCT setting [13] .
The definition of FN included criteria for body temperature and neutrophil count: Body temperature ≥ 37.5°C measured at the axially fossa, according to routine practice in Japan [14] ; and ANC <500 cells/μL or ANC that decreased to <500 cells/μL during the 48 h following the occurrence of fever [1] .
For disease status, all hematological disorders were defined as either standard risk, or high risk [15] . Conditioning regimens were classified based on the report by the Center for International Blood and Marrow Transplant Research [16] . Myeloid malignancy contains acute myeloid leukemia (AML), myelodysplastic syndrome (MDS), MDS overt AML, and chronic myelogenous leukemia. The recipients with prior history of allogeneic hematopoietic stem cell transplantation (PHallo-HSCT) indicates the recipients who received allogeneic hematopoietic stem cell transplantation 2 or more times. Coagulase negative staphylococci, Corynebacterium species, unidentified gram positive cocci, and unidentified gram positive cocci were considered contaminants unless they were cultured from ≥ 2 separate blood culture bottles. Co-infection was defined as the identification of ≥ 2 bacterial species in multiple blood culture bottles of samples collected within 24 h.
Hypotension, septic shock, and acute respiratory distress syndrome (ARDS) were defined as described previously [17, 18] . Refractory hypotension was defined as hypotension that was refractory to intravenous fluid therapy. VGS shock syndrome was defined as monobacteremia of viridans streptococcus (mono VSB) with refractory hypotension (patients who had VSB with coinfection were excluded). Invasive aspergillosis was defined as probable or proven invasive aspergillosis according to the EORTC-MSG criteria [19] .
Initial antimicrobial regimen at the onset of levofloxacin breakthrough FN Monotherapy with APBL-VA, as recommended by the IDSA guideline, is the routine empiric initial antimicrobial regimen administered at the onset of FN [1] . Clinicians could choose any of the APBL-VAs including cefepime, piperacillin/tazobactam, and meropenem. In our institution, AGPAs and amikacin were not routinely administered as a standard component of the empiric initial antimicrobial regimen for FN.
AGPAs should be combined with the APBL-VA regimen for specific clinical indications, including suspected catheter-related infection, skin or soft-tissue infection, or severe sepsis which caused by beta-lactam-resistant gram-positive organisms. Clinicians usually chose vancomycin as the first line AGPAs, except when the recipients were allergic to vancomycin. Amikacin could be combined with an APBL-VA regimen for suspected severe sepsis caused by beta-lactam-resistant gramnegative rod.
Identification of VGS and other organisms
Strains of VGS were initially identified from colony morphology and by hemolysis and the VITEK2 system (bioMérieux, Marcy l'Etoile, France). Additionally, the stored VGS strains obtained from the blood samples between August 2011 and August 2013 were also identified to species level by examining the heterogeneity in streptococcal sod A gene sequences [20] . General identification of the other organisms that cultured from blood samples to species level was performed by VITEK2 (bioMérieux, Marcy l'Etoile, France), or WalkAway 96 SI (Siemens Healthcare, Deerfield, IL, USA). Helicobacter cinaedi was identified by using gyrB-targeted PCR methods. Corynebacterium spp. was identified into species level by RapID CB Plus system (Remel, Lenexa, KS, USA).
Antimicrobial susceptibility
Drug susceptibility tests for levofloxacin, ceftazidime, cefepime, piperacillin/tazobactam, meropenem, and vancomycin were performed using microdilution methods by the Clinical Laboratory and Standards Institute (CLSI) at Dokkyo Medical University for the stored VGS strains obtained from the blood samples between August 2011 and August 2013 [21] . In addition, tests for penicillin were performed using Etest (bioMérieux, Durham, NC, USA) for all the VGS strains obtained at Toranomon Hospital during the entire study period. Drug susceptibility breakpoints in VGS species, as established by CLSI M100-S22, were used to categorize the MICs of the cultured VGS strains [21] . Susceptibility guidelines for VGS are not available for piperacillin/tazobactam; therefore, a cutoff MIC of 16/4 μg/mL was chosen on a previous report [11] . The breakpoint of ceftazidime has not been defined in the CLSI M100-S22 [21] .
Outcome evaluation of the febrile neutropenia
An evaluation cohort (EC) was created to evaluate the clinical characteristics of breakthrough VSB as compared with other groups at the first episode of FN. Among all the study subjects, the allo-HSCT recipients who experienced FN were included into the EC; the recipients who successfully achieved neutrophil engraftment without FN and continued levofloxacin prophylaxis until neutrophil engraftment were excluded from the EC. The EC subjects were then divided into three groups: VSB group, consisting of recipients with VSB; BSI without VSB group, comprising the recipients with BSI where the causative organisms was not VGS; and the non-BSI group, comprising recipients without BSI at the first episode of FN. Recipients with contaminant organisms cultured from the blood samples included into non BSI group.
Statistical analysis
Categorical variables were compared by the Fisher's exact test. Continuous variables from the different three groups were compared by Kruskal-Wallis test. The 30-day mortality rates and the 60-day mortality rates after the onset of FN were estimated using Kaplan-Meier analysis and the groups were compared using log-rank test. The incidence of VSB was estimated based on cumulative incidence curves. Competing event was febrile neutropenia that associated with non VSB causes. The groups were compared using Gray's test. For the multivariate analysis, variables that P-values showed ≤ 0.10 were entered into the Fine-Gray proportional hazard model and sequentially eliminated in a stepwise backward fashion until the remaining variables were statistically significant. Log-rank test and proportional hazard model were used for pre-transplant variables and time dependent variables (VSB and engraftment within 30 days following allo-HSCT), respectively to identify the risk factors associated with 60 days overall mortality following allo-HSCT in the univariate analysis. For the multivariate analysis, valuables that P-values showed ≤ 0.10 were entered into the proportional hazard model and sequentially eliminated in a stepwise backward fashion until the remaining factors were statistically significant. Significance was set at α = .05. All statistical analysis was performed with EZR (Saitama Medical Center, Jichi Medical University), which is a graphical user interface for R (The R Foundation for Statistical Computing) [22] .
Results
Patient characteristics
Among the 184 allo-HSCT recipients who received the standard levofloxacin prophylaxis during the study period, 28 had breakthrough VSB. Twenty four of the 28 VGS strains (86 %) were cultured from ≥2 sets of blood culture bottles. The cumulative incidence of the VSB was 15.2 %. The characteristics of the 28 recipients are shown in Table 1 . Among them, 22 received cord blood AML acute myeloid leukemia, MDS myelodysplastic syndrome, CML chronic myelogenous leukemia, ALL acute lymphoblastic leukemia, NHL non Hodgkin lymphoma, T-PLL T-cell prolymphocytic leukemia, SAA severe aplastic anemia, CBT cord blood transplantation , rPBSCT related peripheral blood cell transplantation, uBMT unrelated bone marrow transplantation, ANCs absolute neutrophil counts, VCM vancomycin, VSB viridans streptococcal bacteremia, VGS viridans group streptococcus stem cell transplantation, 4 received related peripheral blood stem cell transplantation, and 2 received unrelated bone marrow transplantation.
Microbiological characteristics of the breakthrough VSB
The clinical and microbiological characteristics of breakthrough VSB are shown in Table 1 . All 28 VSBs occurred as nosocomial infections during severe neutropenia (ANCs ≤ 100/μL) before neutrophil engraftment (from 2 days before allo-HSCT to 8 days after allo-HSCT).
Nine recipients had co-infections (32 %) caused by 10 organisms, which are listed in Table 1 Table 2 . Among the 22 stored VGS strains, the susceptibility rates for levofloxacin, cefepime, piperacillin/tazobactam, meropenem, and vancomycin were 0 %, 95 %, 100 %, 100 %, and 100 %, respectively. Both the MIC 50 of ceftazidime and MIC 90 of ceftazidime were higher than those of the APBL-VAs. Additionally, only 1 of the 28 VGS strains (3.6 %) had a penicillin MIC 2 μg/mL by Etest. The penicillin MICs for the remaining VGS strains were <2 μg/mL. The penicillin MICs for all the 6 VGS strains that cultured from blood samples obtained from the recipients who were exposed to a beta lactam in the previous 30 days (Table 1) were ranged from 0.03 to 0.25 μg/mL (<2 μg/mL) by Etest.
Risk factors of the breakthrough VSB
To identify risk factors, the cumulative incidences of the VSB among each group were compared (Additional file.1). The recipients with the high risk hematological disorders tended to have the VSB more frequent than those with the standard risk (P = 0.11). However, no significant risk factors were identified by univariate analysis and multivariate analysis.
Therapeutic regimen
For empirical therapy, all 28 recipients received a cefepime-based regimen (26 recipients) or a piperacillin/ tazobactam-based regimen (2 recipients) immediately after withdrawing levofloxacin prophylaxis at the first episode of FN. Four recipients received empirical vancomycin administration. None of the recipients received any empirical AGPA other than vancomycin.
Outcome of the breakthrough VSB in the evaluation cohort
Among 19 recipients with mono VSB, 5 had VGS shock syndrome (26 %). However, none of the recipients experienced ARDS. The crude 30-day mortality rate of the VSB was 10.7 %. All 6 recipients who had septic shock survived. In the 3 recipients who died, all the causative VGS strains were susceptible to penicillin (MIC ≤ 0.12 μg/mL).
Next, the characteristics and outcome of VSB in the EC were evaluated. The EC consisted of 182 recipients, since 2 recipients were excluded because they successfully achieved neutrophil engraftment without FN and continued levofloxacin prophylaxis until neutrophil engraftment. All the recipients were started on an APBL-VA-based regimen at the onset of FN instead of levofloxacin prophylaxis (Additional file.2). Thirteen recipients (7.1 %) received additional empiric vancomycin administration along with the APBL-based regimen. All the recipients in the EC were divided into the VSB group (28 patients), BSI without VSB group (54 patients), or non-BSI group (100 patients). Some minor differences were observed among the groups among the three groups (Additional file.2). The causative organisms in the BSI without VSB group are shown in Table 3 . Among the 54 recipients in the BSI without VSB group, 5 had co-infections. At the onset of FN, 1 recipient had MRSA bacteremia and 1 had micafungin breakthrough fungemia caused by Trichosporon asahii; however, none of the recipients had VRE bacteremia or invasive aspergillosis. Clinicians ordered colonization screening tests for 165 of the 182 recipients in the EC (91 %). The rate of MRSA colonization and VRE colonization before transplantation were 3 % (5/165), and 0 % (0/165), respectively. The crude 30-day mortality rate after the onset of FN in the VSB group (10.7 %) was not significantly different from that in the BSI without VSB group (9.3 %) or the non-BSI group (7.0 %) (P = 0.77) (Fig. 1) . Also, the crude 60-day mortality rate in the VSB group (10.7 %) was not significantly different from that in the BSI without VSB group (16.7 %) or the non-BSI group (14.0 %) (P = 0.81).
Risk factors for all-cause mortality up to 60 days following allo-HSCT Engraftment within 30 days following allo-HSCT, high risk hematological diseases, and PH-allo-HSCT were associated with the outcome up to 60 days following allo-HSCT significantly in univariate analysis (Table 4) . While, VSB was not identified as the risk factor for the mortality (P = 0.43). Then, engraftment within 30 days was the independent factor that improved the survival significantly (P = 0.0014) in the multivariate analysis (Table 4) .
Discussion
The high incidence of levofloxacin breakthrough VSB in this study (15.2 %) was comparable to that of the previous study conducted in autologous peripheral blood stem cell transplant setting (16.2 %) [6] . However, it was higher than those in other studies that described levofloxacin breakthrough BSI in allo-HSCT setting [2, 3] . Fluoroquinolone prophylaxis had been approved for approximately 10 years at our hospital (Tosufloxacin prophylaxis was used in our institute before January 2011 when the levofloxacin prophylaxis was started instead of tosufloxacin prophylaxis.). The long use of the fluoroquinolone prophylaxis might select VGS with diminished susceptibility to levofloxacin [6] . None of the 28 VGS strains assessed in this study were susceptible to levofloxacin; in contrast, none of the strains were resistant to penicillin based on the breakpoint of CLSI (penicillin MIC ≥ 4 μg/mL) [21] . This low penicillin resistant rate (0 %) was comparable to that reported in Finland (2.3 %) [23] . In addition, the penicillin MIC was 2 μg/mL for only 1 VGS strain, as assessed by Etest (Table 2) . Therefore, based on a previous report, only 1 of the 28 VGS strains (3.6 %) was not considered to have good susceptibility to APBL-VAs [11] . This rate of 3.6 % for a penicillin MIC ≥ 2 μg/mL differs considerably from the rates observed in North America and 
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All the gram negative rods were resistant to levofloxacin except for Helicobacter cinaedi and Campylobacter spp. The standard drug susceptibility tests for Helicobacter cinaedi and Campylobacter spp. could not be performed in our institute BSI blood stream infection, VSB viridans streptococcal bacteremia, GPC grampositive coccus, GPR gram-positive rod Fig. 1 The crude 30-day mortality after the onset of febrile neutropenia among the three groups Spain, which ranged from 17 % to 22 % [11, 24, 25] . Moreover, the susceptible rates of the APBL-VAs in this study were over 95 %. In contrast, in vitro inferiority of ceftazidime compared with the APBL-VAs was shown (Table 2) . A similar result was reported in the previous study [24] . Accordingly, ceftazidime should probably not be administrated as a first line empirical therapeutic agent instead of the APBL-VAs when clinicians treat levofloxacin breakthrough FN in a setting, where breakthrough VSB is prevalent. In the present study, 21 of the 24 recipients who did not receive empiric vancomycin administration at the first episode of FN were added vancomycin to APBL-VA-based regimen immediately after a gram-positive coccus was cultured from blood samples. This practice is recommended by the IDSA guideline [1] . However, according to the in vitro data described above, APBL-VA mono therapy was optimal for almost all the VGSs identified in our study. Thus, the empiric addition of vancomycin to APBL-VA-based regimen would not typically be needed for treating mono VSB in our setting, even when clinicians are awaiting the drug susceptibility results of VGS strains.
Nosocomial VSB and receipt of a beta lactam antimicrobial in the previous 30 days were reported to be the useful factors to predict VGS strains with a penicillin MIC ≥ 2 μg/mL in the previous study that conducted in the setting where beta-lactam non-susceptible VGS strains were prevalent [11] . However, the positive predicted values of them in the present study were only 3.7 % (1/28), and 0 % (0/6), respectively. Hence, the predictive factors in the previous study would probably lead to overuse of unnecessary empiric AGPAs administration in the settings where betalactam non-susceptible VGS strains were rare.
In this study, both the crude 30-day mortality rate and the crude 60-day mortality was 10.7 %. These were lower CBT cord blood transplantation, RIC reduced-intensity conditioning, MAC Myeloablative conditioning, allo-HSCT allogeneic hematopoietic stem cell transplantation, VSB viridans streptococcal bacteremia, PH-allo-HSCT prior history of allogeneic hematopoietic stem cell transplantation than those reported in previous studies in the allo-HSCT settings, which ranged from 21.9 to 24 % [13, 26] . In the previous study, seven of the 32 recipients with VSB (21.9 %) died, at median of 26 days (range, 12-36 days) from VSB diagnosed because of ARDS and multiorgan failure [13] . Further, both the crude 30-day mortality and the crude 60-day mortality after the onset of FN did not differ significantly from those in the other two groups in this study. Also, VSB was not a risk factor for all-cause mortality up to 60 days following allo-HSCT (Table 4) . There was no VSB with ARDS in the present study, although 3 % to 33 % of VSB caused ARDS during neutropenia in the previous studies [7] . It was probably one of the reasons why the mortality of VSB in our study was lower. S. mitis cluster2 identified by multilocus sequence analysis is probably associated with ARDS because it was reported to be associated with unexplained pulmonary infiltrate during neutropenia [27] . There might be few S. mitis cluster2 among all the 28 VGS strains in our study. Additionally, the previous studies were not conducted in the era of APBL-VAs, which may be one of the reasons underlying the high mortality. However, the exact reasons for the difference are unclear since the drug susceptibility data from these studies are insufficient [13, 26] . In this context, breakthrough VSB is probably not a major cause of death in the present allo-HSCT setting, where beta-lactam non-susceptible VGSs and ARDS that associated with VSB are rare.
Some studies have recommended early or prophylactic vancomycin administration to prevent VSB [5, 12, 13] . However, considering our results, clinicians should be able to reduce that kind of AGPA administration in certain allo-HSCT settings, especially where beta-lactam non-susceptible VGS is not prevalent, such as Japan and Finland. Further epidemiological investigations regarding VSB in various settings, including allo-HSCT settings are needed.
Our study had some limitations. First, this study was a single-center retrospective study. However, prospective, multicenter, or randomized trials to clarify appropriate antimicrobial usage for BSIs occurred in allo-HSCT settings, such as VSB, are becoming increasingly rare. Second, 182 of the 184 recipients (99 %) who received levofloxacin prophylaxis had FN, although levofloxacin prophylaxis has been reported to be effective in reducing FN incidence [28] . Fluoroquinolone prophylaxis is an accepted protocol for neutropenic patients with hematological malignancy and severe neutropenia [1, 28, 29] , although the limitations of fluoroquinolone prophylaxis are also recognized [1, 30] . Therefore, analyzing the impact of levofloxacin breakthrough infections is important for current allo-HSCT settings. Third, susceptibility tests for APBL-VAs could not be performed against all 28 VGS strains. However, among the 22 stored VGS strains analyzed in this study, the susceptibility rates for APBL-VAs were high (Table 2 ). According to these data and the results of a previous report, high susceptibility rates for APBL-VAs against all the 28 strains are highly probable [11] . Forth, the risk factor of the VSB was not identified. That might be because the number of the recipients was not enough. Among, 92 recipients who were checked their oral conditions and had the data regarding them, the cumulative incidence of the VSB in the recipients with mucositis (21.3 %) tended to be higher than that in the recipients without it (9.7 %) (P = 0.16). Mucositis might be identified as the significant risk factor, if all the recipients were checked their oral conditions.
Conclusions
In summary, the empiric addition of an AGPA, such as vancomycin to an APBL-VA-based regimen would not typically be needed for treating breakthrough VGS strains in this setting. The indication of adding an empiric AGPA to APBL-VA based regimen for treating VSB should depend on the local factors in each setting. In addition, breakthrough VSB is probably not a major cause of death in the allo-HSCT setting where the betalactam non-susceptible VGS strains and the ARDS that associated with VSB are rare. 
Additional files
